A prototype evaporative condenser through the Maisotsenko Cycle (M-Condenser), which can significantly improve the energy efficiency of air conditioning and refrigeration, has been developed and proof-of-concept tested. The design incorporates both a micro-extruded channel aluminum tubing technology for refrigerant flow and a cellulose-based sensible heat exchanger that is plastic coated on one side. The M-Condenser was put in a side-by-side comparison to an aircooled condenser with an energy efficiency ratio (EER
INTRODUCTION
In 2010, U.S. buildings consumed 2.96 billion gigajoules, or 14% of delivered energy, for space cooling and refrigeration, accounting for $88.6 billion in energy expense ( Fig. 1 ) [1] .
By 2035, there is projected to be a net reduction in energy used for cooling and refrigeration due to expected advances in building and equipment technology, and energy policy [2] . These impacts will occur primarily in the commercial building sector.
One of these technologies, the evaporative condenser (M-Condenser) for vapor compression or absorption cooling and refrigeration systems, is based on the fun-damentals of the Dew-Point Evaporative Cooling process, or the MaisotsenkoCycle (M-Cycle), which concept was theorized and realized to practice by Dr. Valeriy Maisotsenko [3] [4] [5] [6] [7] [8] [9] .
The first practical realization of the M-Cycle technology was by Coolerado Corporation, which produces several air conditioners (commercial, residential, solar, and hybrid). In 2009 testing at the National Renewable Energy Laboratory (NREL), Coolerado's H-80 air conditioner used 80% less energy than traditional compressor and refrigerant systems in cooling buildings under hot and dry climatic conditions. Also the M-Cycle as an extremely efficient evaporative cooling process can be applied for M-Condensers of the air-conditioning, refrigeration and power producing systems. In this paper, a description of what is called the M-Condenser and results of its proof-of-concept testing are presented.
M-Condenser
The M-Condenser is an evaporative cooled micro-channel condenser. The prototype design used micro-extruded channel aluminum tubing technology for refrigerant flow and a cellulose material, plastic coated on one side, for sensible heat exchange (Fig. 2) .
Fin-tube air-cooled condenser coils are refrigerant-to-air copper heat exchangers. An air-cooled condenser uses a fan to draw ambient outdoor air across the condenser coil to reject refrigerant heat. To increase efficiency, surface areas are increased by adding more fins and tubes.
Evaporative condensers utilize refrigerant-to-water-to-air copper heat exchange and evaporation. Refrigerant heat is rejected by a continuous spray of water wetting the condenser coils. The water collects at a sump and is then cooled through evaporation by passing the water through the outdoor air. Evaporative condensers
FIG. 1: 2010 U.S. building energy consumption
result in lower condensing temperatures because the temperatures seen by the refrigerant in the condensing unit more closely follow the outdoor wet bulb temperature than the outdoor dry bulb temperature. This allows for higher operating efficiencies.
The M-Condenser is an evaporative condenser designed to incorporate two features that impact its efficiency (Fig. 3) . Heated refrigerant enters the evaporative condenser at one end through the header and flows through aluminum micro-channels rather than finned copper-tube heat exchangers. Above and below each refrigerant channel are wetted cellulose heat exchanger channels. Heat transferred to the wetted material converts the water from liquid to vapor. The water vapor leaches Relative humidity levels during testing ranged from 13.9% to 39.9%. During testing, the evaporator and indoor temperature was held to a constant 26.7 o C. The M-Condenser and the air-cooled condenser were arranged and piped in parallel to allow immediate switching of condensers during testing (Fig. 4) . The researchers, however, do not recommend this arrangement for long-term testing as the system is put under high pressure stress during the switching phase.
Holding the evaporator to an indoor temperature of indoor of 26. 
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Gillan et al. Figure 6 plots the EER of the M-Condenser and the air-cooled condenser based on testing. The M-Condenser averaged a 30 percent increase in EER over the aircooled condenser with a minimum of 9% and a maximum of 58% efficiency improvement. Table 1 contains test results of the seven tested outdoor conditions. The M-Condenser is dependent on wet rather than dry bulb temperature, which is always lower. This delta in temperature gradient lowers the refrigerant condensing temperatures. In Test Condition #4, measured outdoor conditions were dry bulb at 43. C. This is due to pre-cooling the air toward the dew point temperature before using it to cool the refrigerant. Conversely, the air-cooled condensing refrigerant temperature increases almost proportionally as dry bulb increases. The lower operating refrigerant temperature results in a lower compression ratio in the compressor, which consumes less power for cooling as demonstrated by the energy efficiency ratio.
FIG. 4: Test set-up
Test Results
CONCLUSION
A prototype evaporative condenser has been designed and built based on the MCycle that incorporates both a micro-extruded channel aluminum tubing technology for refrigerant flow and a cellulose material, plastic coated on one side, for sensible heat exchange. The M-Condenser was in a side-by-side comparison to an aircooled condenser with an EER rating of 2.67. Outdoor test conditions ranged from a low outdoor temperature of 26. Relative humidity levels, however, ranged from 13.9% to 39.9%, which are typical of the Southwest and drier western regions of the continental United States.
In proof-of-concept testing, the M-Condenser averaged a 30% increase in EER over the air-cooled condenser with a minimum of 9% and a maximum of 58% improvement.
Continued research is warranted to optimize the design, materials, and performance of the M-Condenser. Additional testing using standardized methods of test report EER at 26. 
